International Application No.: PCT/JP2004/009313 
U.S. Patent Application No.: Unknown 
June 22, 2005 
Page 8 of 8 



REMARKS 



Claims 7-12 are pending in this application. By this Preliminary Amendment, 
Applicants AMEND the specification and the abstract of the disclosure, CANCEL claims 
1-6 and ADD new claims 7-12. 

Applicants have attached hereto a Substitute Specification in order to make 
corrections of minor informalities contained in the originally filed specification. 
Applicants' undersigned representative hereby declares and states that the Substitute 
Specification filed concurrently herewith does not add any new matter whatsoever to the 
above-identified patent application. Accordingly, entry and consideration of the 
Substitute Specification are respectfully requested. 

The changes to the specification have been made to correct minor informalities 
to facilitate examination of the present application. 

Applicants respectfully submit that this application is in condition for allowance. 
Favorable consideration and prompt allowance are respectfully solicited. 



Respectfully submitted, 



Date: June 22, 2005 




Attorneys for Applicants 
Joseph R. Keating 
Registration No. 37,368 



KEATING & BENNETT, LLP 

10400 Eaton Place, Suite 312 
Fairfax, Virginia 22030 



Christopher A. Bennett 
Registration No. 46,710 



Telephone: (703) 385-5200 
Facsimile: (703) 385-5080 



Peter Medley 
Registration No. 56,125 



JC17 Rec'd PCT/PTO 22 JUN 2005 



MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 



- 1 - 



Attorney Docket No, 36856,1349 



JC17Rec'dPCT/FT0 2 2 JUN 200S 



ACCELERATION SENSOR 



BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

The present invention relates to acceleration sensors, and 
particularly, to an acceleration sensor applying a including a 
piezoelectric material. 



2 . Descr ipt io n o f the Related Art 

A known acceleration sensor apply ing including piezoelectric 
ceramics is, for example, disclosed in Japanese Patent No. 2780594, 
hereinafter referred to as Patent Document 1 . Such an acceleration 
sensor is provided with a bimorph sensor element including a pair of 
piezoelectric units which are composed of piezoelectric ceramics and 
are integrally joined to each other in an opposing manner. The sensor 
element is held inside a casing in a double-supported fashion. When 
acceleration is applied to the acceleration sensor, the sensor element 
bends, thus generating stress in the piezoelectric units. The 
electric charge or voltage generated due to the piezoelectric effect 
is then detected in order to determine the acceleration. Acceleration 
sensors of this type are advantageous in view of their compactness and 
their capability of being formed easily into surface-mounted units 
(chip units) . 

In an acceleration sensor based on the above -described principle, 
a bias current flowing from a circuit is stored in a capacitor C of 
the piezoelectric material. In order to prevent the circuit from 
becoming saturated, a resistor R is required for allowing the bias 
current to be released. However, since the resistor R and the 
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capacitor C -fo^rm def ine a high pass filter, the acceleration in the 
frequencies below the cut-off level, such as DC and low frequency, 
cannot be detected. 

Patent Document — 3-= Japanese Patent No. — 278 059 4 

On the other hand, an acceleration sensor disclosed in Japanese 
Unexamined Patent Application Publication No. 2002-107372, hereinafter 
referred to as Patent Document 2, particularly, the acceleration 
sensor shown in Fig. 8 in Patent Document 2, includes a single base 
plate whose opposite sides respectively have first and second 
resonators formed of a piezoelectric material attached thereto so as 
to #eirffl def ine an acceleration-sensor element, each of the first and 
second resonators having electrodes on opposite sides thereof. One 
longitudinal end or both longitudinal ends of the acceleration- sensor 
element is/are fixed such that the first and second resonators are 
bendable in their opposing direction in response to acceleration. 
When the acceleration-sensor element bends in response to the 
acceleration, changes in frequency or changes in impedance in the 
first and second resonators caused by the bending of the acceleration- 
sensor element are differentially detected in order to detect the 
acceleration . 

In this case, the acceleration in a DC or low-frequency level can 
be detected. Moreover, the changes in frequency or the changes in 
impedance in the two resonators are differentially detected instead of 
being detected in a separate manner. This counterbalances the stress 
(for example, a stress caused by a change in temperature) applied to 
both resonators. Thus, a high-sensitivity acceleration sensor, which 
is unaffected by, for example, a change in temperature, is achieved. 
Furthermore, because the central bending plane (i.e. a plane where 
stress is 0) is set in the base plate, a large degree of tensile 
stress and compressive stress can be generated in the resonators 
disposed on the opposite sides of the base plate. Accordingly, this 
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improves the sensitivity of the sensor. 

Pat e nt Document — 3~ J apanese Unexamined Patent Application Publication 

No. 2002 107372 

However, because the first and second resonators and the base 
plate have the same height, namely, the same dimension in a direction 
perpendicular to the direction in which the acceleration is applied, 
the first and second resonators have a large cross-sectional area. 
This means that the tensile stress and the compressive stress 
generated in the resonators in response to the acceleration cannot be 
increased. Consequently, this inhibit o pr event s further improvement of 
the sensitivity (S/N ratio) . 
D isclo sur e o f Invent io n 
Problems to be Solved by 

SUMMARY OF THE INVENTION 
In order to overcome the Invention 

It is an ob jcct problems described above, preferred 

embodiments of the present invention te— provide a compact, high- 
sensitivity acceleration sensor that is prevented from being affected 

i 

by factors other than acceleration, such as a change in temperature or 
other factors . 

Means for Solving the Problems 

In order to achieve the above mentioned object, — According to a 

first — a-s-pee-t — ©-f — the— pr-e-s-e-n-t — inv e n t i -e- n i s pirovideehr 

Sp ecifically -? — according t o th e f irst asp eet-pref erred embodiment of 

the present invention, an acceleration sensor is provided. 

acceleration sensor includes a base plate-f^ and first and second 
resonators each formed of a piezoelectric material and each having 
electrodes on two opposite main surfaces thereof, each resonator 
having a vibrating section at an intermediate portion of the resonator 
with respect to the longitudinal direction thereof. The first and 
second resonators are attached to opposite sides of the base plate 
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with respect to a direction in which acceleration is applied so as to 
define a bimorph acceleration-sensor element, wherein one longitudinal 
end or both longitudinal ends of the acceleration-sensor element 
is/are fixed such that the first and second resonators bend in the 
same direction in response to the acceleration, and wherein changes in 
frequency or changes in impedance in the first and second resonators 
caused by the bending of the acceleration-sensor element are 
differentially detected in order to detect the acceleration. The 
acceleration-sensor element is bendable about a central bending plane 
in response to the acceleration, the central bending plane being 
positioned at a central part portion of the base plate with respect to 
the application direction of acceleration. Each of the first and 
second resonators is attached to the base plate in a manner such that 
the opposite main surfaces having the electrodes disposed thereon are 
substantially perpendicular to the application direction of 
acceleration. A height of the first and second resonators in a 
direction that is substantially perpendicular to the application 
direction of acceleration is smaller than a height of the base plate 
in the direction that is substantially perpendicular to the 
application direction of acceleration. 

According to the first aspect pref erred embodiment of the present 
invention, the acceleration- sensor element has a bimorph structure in 
which the resonators are attached to the opposite sides of the single 
base plate, and the central bending plane is positioned at the central 
part portion of the base plate with respect to the thickness of the 
base plate. Consequently, when acceleration is applied to the 
acceleration-sensor element, the base plate functions as a mass body 
of maGG so as to effectively generate a tensile stress in one 
resonator and a compressive stress in the other resonator. In a 
certain vibration mode, the frequency in the resonator with tensile 
stress decreases while the frequency in the resonator with compressive 
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stress increases. By differentially detecting the changes in 
frequency or the changes in impedance in the resonators, the 
acceleration can be detected. Moreover, since the changes in 
frequency or the changes in impedance in the two resonators are 
detected in a differential manner, the stress applied to both 
resonators (for example, a stress caused by a change in temperature) 
can be counterbalanced. Accordingly, a high-sensitivity acceleration 
sensor that is unaffected by, for example, a temperature change is 
provided. 

1 The first aspect is charact p rized in One of the unique aspects of 

preferred embodiments of the present invention is that the electrodes 
of the first and second resonators are disposed on the main surfaces 
that are substantially perpendicular to the application direction of 
acceleration. This allows the resonators to have a predetermined 
thickness, or in other words, this allows the opposing electrodes of 
each pair to be separated from each other by a predetermined distance 
so that the resonance frequency of the resonators becomes constant. 
Consequently, a common signal-processing circuit is achieved. 

The first aspect — is further characterized in that In addition, 

the height of the first and second resonators in the direction that is 
subst antially perpendicular to the application direction of 
acceleration is smaller than that of the base plate. In other words, 
this reduces the cross-sectional area of the first and second 
resonators, and thus allows the tensile stress and the compressive 
stress generated in the resonators in response to the acceleration to 
be increased. Accordingly, this improves the sensitivity (S/N ratio) 
for detecting the acceleration. 

There are, for example, two approaches for obtaining a signal that 
is proportional to the acceleration acting upon the acceleration- 
sensor element based on the signals that are differentially detected 
from the two resonators. One approach is to oscillate the first and 
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second resonators separately with different f requenciest^ determine 
the oscillating-f requency dif f erencet^ and obtain the signal that is 
proportional to the acceleration based on the frequency difference. 
The other approach is to oscillate the first and second resonators 
with the same f requencyt^ detect the phase difference or the 
oscillation difference based on the difference in electric impedance 
between the resonatorst^ and obtain the signal that is proportional to 
the acceleration based on the phase difference or the oscillation 
difference . 

Furthermore, the first and second resonators are preferably 
attached to the opposite sides of the base plate at positions where 
the first and second resonators are opposed to each other. 

Although it is possible to attach the two resonators to the 
opposite sides of the base plate at positions where the two resonators 
do not oppose each other, such a structure may lead to detection 
errors. In detail, — this This is due to the fact that if the 
acceleration-sensor element bends in response to an external force 
applied from a direction other than the application direction of 
acceleration (off-axis bending) , the two resonators may generate 
different signals. In contrast, by attaching the two resonators to 
the opposite sides of the base plate at positions where the two 
resonators are opposed to each other, signals can be detected from the 
two resonators in a differential manner. Thus, the difference in 
detection with respect to the off-axis bending can be compensated for. 

Furthermore, each of the first and second resonators is preferably 
attached to a central portion of the base plate with respect to a 
height direction of the base plate, the height direction being 
substantially perpendicular to the application direction of 
acceleration . 

Consequently, in addition to being attached to the opposite sides 
of the base plate at positions where the two resonators are opposed to 
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each other, each resonator may be attached to the central portion of 
the base plate with respect to the height direction. This structure 
can further compensate for the difference in detection since no stress 
acts upon the two resonators in response to off-axis bending. 

Furthermore, the base plate and the first and second resonators 
are preferably formed of at least one material having substantially 
the same coefficient of thermal expansion. 

If the coefficient of thermal expansion differs significantly 
between the base plate and the first and second resonators, a tensile 
stress or a compressive stress may be generated in the resonators due 
to a change in temperature in the environment even when no 
acceleration is applied. This leads to changes in frequency or 
changes in impedance. By allowing the base plate and the first and 
second resonators to have substantially the same coefficient of 
thermal expansion, the temperature drift related to the output from 
the sensor can be inhibit cd pr even ted , thus reducing thermal hysteresis. 

The base plate and the first and second resonators may be formed 
of the same material, or may be formed of different materials. The 
coefficient of thermal expansion between the base plate and the 
resonators may be different to an extent such that the changes in 
frequency or the changes in impedance in the resonators in an 
operating temperature limit are within an error range and are thus 
significantly small . 

Furthermore, opposite outer surfaces of the acceleration-sensor 
element may be respectively fixedly supported by a pair of casing 
components at aaid the longitudinal end of the acceleration- sensor 
element, the outer surfaces being opposite to each other with respect 
to the application direction of acceleration. Moreover, open planes 
defined by the acceleration-sensor element and the casing components 
are covered with a pair of cover components so that a displacement 
portion of the acceleration-sensor element, which is bendable in 
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response to the acceleration, is disposed within an enclosed space. 
Such a packaged structure allows the displacement portion to be 
blocked from the outside, whereby a surface-mounted unit that is 
prevented from being affected by, for example, moisture and dust is 
provided . 

Furthermore, one of the electrodes in each of the first and second 
resonators is preferably disposed at a free-end side of the resonator 
and is preferably connected with a common electrode via an extraction 
electrode provided on the base plate, the common electrode being 
provided at a fixed-end side of an outer surface of a combination of 
the casing components and the cover components. Moreover, the other 
electrode in the first resonator is preferably disposed at a base-end 
side of the first resonator, said the electrode being connected with a 
first independent electrode provided at a free-end side of the outer 
surface of the combination of the casing components and the cover 
components, said the electrode being connected with the first 
independent electrode via a first extraction electrode provided on one 
of the casing components. The other electrode in the second resonator 
is preferably disposed at a base-end side of the second resonator, 
sai d the electrode being connected with a second independent electrode 
provided at the free-end side of the outer surface of the combination 
of the casing components and the cover components, said the electrode 
being connected with the second independent electrode via a second 
extraction electrode provided on the other casing component. 

When using an acceleration-sensor element of a cantilever 
structure, three electrodes are concentrated at the base-end portion 
of the acceleration-sensor element, and for this reason, it is 
difficult to set these electrodes to be distant from one another on 
the outer surface of the package. In order to set the three external 
electrodes distant from one another, one pair of the electrodes from 
the two resonators is connected to the common electrode, provided at 



- 9 - 

the fixed-end side of the outer surface of the package (the 
combination of the casing components and the cover components) , via 
the base plate, and the other pair of the two remaining electrodes is 
respectively connected to two independent electrodes, provided at a 
side of the outer surface opposite to the fixed-end side of the 
package, via the casing components. Accordingly, when used as a 
surface-mounted unit, a short circuit is prevented from occurring 
among the electrodes. 

Furthermore, the casing components are preferably provided with a 
plurality of internal electrodes disposed on upper surfaces of the 
casing components, the internal electrodes being connected with the 
electrodes in each of the first and second resonators. 

In this case, the characteristics of the resonators can be 
measured easily by allowing measuring terminals to come into contact 
with the internal electrodes disposed on the upper surfaces of the 
casing components . 
Advantag e s 

Accordingly, th e first a sp ect pref erred embodiments of the present 
invention provides- an acceleration-sensor element having a bimorph 
structure in which resonators are attached to opposite sides of a base 
plate. When acceleration is applied to the acceleration-sensor 
element, changes in frequency or changes in impedance in the 
resonators are detected in a differential manner. Accordingly, a 
high-sensitivity acceleration sensor that is unaffected by, for 
example, a temperature change is provided. 

Furthermore, since the electrodes of the first and second 
resonators are disposed on the main surfaces that are substanti a lly 
perpendicular to the application direction of acceleration, the 
opposing electrodes of each resonator are separated from each other by 
a predetermined distance. This allows the resonance frequency of the 
resonators to be constant, whereby a common signal-processing circuit 
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is achieved. 

Furthermore, since the height of the first and second resonators 
in the direction that is substantially perpendicular to the 
application direction of acceleration is smaller than that of the base 
plate, the tensile stress and the compressive stress generated in the 
resonators in response to the acceleration are increased, whereby the 
sensitivity (S/N ratio) is improved. 
Best Mode for Carrying Out the Invention 

Embodiments of the present — in v en tion will now be described. 

— First Embodiment 

Figs . — 1 — to 5 illustrat e an accel e ration sensor according to a 

first e m bodi men t of the present inv e n tio n . 

An acceleration sensor — 1A includes a bimorph acceleration sensor 

ele m e n t — 2A supported in a cant ile ver manner by a pair of in s u lati v c 
casing compo nents — 6 — and a pair of insulativc cover components — 1 
compos ed of , — for example, — insulativc ceramics. Referring to Figs. — 3- 
and 3 , — if th e d irectio n i n whi c h a ccel e r atio n G is applied is defin ed 
a s th e y axis direction, — the longitudinal and height di r e cti ons of the 
acceleration sensor clement — 2A arc defined as x axis direction and g 
axis direction, — respectively . 

The acceleration sensor clement — 2A in the — first — e mbodiment 

in c ludes resonators — 3 — and 4 which are integrally attached to — twe 
■r-e^pee4r4rve---oppo-S" it e si-d- es o f a ba-se— p-l-at-e— 5— with respect t o t -he 
app l ication dire c tion of acceleration — (y axis direction) — vira 

corresponding spacers 51 — to 5 4 . The resonators — 3 and 4 arc resonators 

of a trapped These and other features, elements, characteristics and 
advantages of the present invention will become more apparent from the 
following detailed description of preferred embodiments with reference 
to the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view of an acceleration sensor 

according to a preferred embodiment of the present invention. 

Fig. 2 is an exploded perspective view of the acceleration sensor 

shown in Fig. 1 . 

Fig. 3 is an exploded perspective view of an acceleration-sensor 

element provided in the acceleration sensor shown in Fig. 1 . 

Fig. 4 is a plan view of the acceleration sensor shown in Fig. 1 

in a state where cover components of the acceleration sensor are 
removed . 

Fig. 5 includes perspective views illustrating a method for 

cutting a master subst rate into segm ents in order to form resonators. 

Fig. 6 is a circuit diagram of an example of an acceleration 

sensor device provided with the acceleration sensor according to a 
preferred embodiment of the present invention. 

Fig. 7 is circuit diagram of another example of an acceleration 

sensor device provided with the acceleration sensor according to a 
preferred embo diment of the present invention. 

Fig. 8 is an exploded perspective view of an acceleration sensor 

according to another preferred embodiment of the present invention. 

Fig. 9 is an exploded per s pe c tiv e view of the acceleration sensor 

shown in Fig. 8 in a state where cover components of the acceleration 
sensor are removed. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be 

described. 

First Preferred Embodiment 

Figs. 1 to 5 illustrate an acceleration sensor according to a 

f irst preferred e mbodiment of the present ^invention. 

An acceleration sensor 1A includes a bimorph acceleration-sensor 
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element 2A supported in a cantilever manner by a pair of insulative 
casing components 6 and a pair of insulative cover components 7 
composed of, for example, insulative ceramics. Referring to Figs. 2 
and 3, if the direction in which acceleration G is applied is defined 
as the y-axis direction, the longitudinal and height directions of the 
acceleration-sensor element 2A are defined as the x-axis direction and 
the z-axis direction, respectively. 

The acceleration-sensor element 2A in the first preferred 

embodiment includes resonators 3 and 4 which are integrally attached 
to two respective opposite sides of a base plate 5 with respect to the 
application direction of acceleration (y-axis direction) via 
corresponding spacers 51 to 54. The resonators 3 and 4 are r esonat ors 
of an energy -trap thickness-shear vibration type and each include a 
piezoelectric ceramic plate strip. The resonators 3 and 4 
respectively include a pair of electrodes 3a and 3b and a pair of 
electrodes 4a and 4b. The electrodes 3a and 3b are disposed on main 
surfaces of the piezoelectric ceramic plate strip of the resonator 3, 
and the electrodes 4a and 4b are disposed on main surfaces of the 
piezoelectric ceramic plate strip of the resonator 4, the main 
surfaces being substantially perpendicular to the application 
direction of acceleration G. One set of the electrodes 3a and 4a of 
the resonators 3 and 4 is exposed at the outer side surfaces of the 
acceleration-sensor element 2A, whereas the other set of the 
electrodes 3b and 4b faces the base plate 5. A first-end portion of 
the electrode 3a on the outer surface of the resonator 3 is opposed to 
a second-end portion of the electrode 3b on the inner surface at an 
intermediate portion of the resonator 3 with respect to the 
longitudinal direction thereof. Similarly, a first-end portion of the 
electrode 4a on the outer surface of the resonator 4 is opposed to a 
second-end portion of the electrode 4b on the inner surface at an 
intermediate portion of the resonator 4 with respect to the 
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longitudinal direction thereof. On the other hand, the second-end 
portion of the electrode 3a and the first-end portion of the electrode 
3b extend away from each other towards the opposite ends of the 
resonator 3, and similarly, the second-end portion of the electrode 4a 
and the first-end portion of the electrode 4b extend away from each 
other towards the opposite ends of the resonator 4. Here, the second- 
end portions of the electrodes 3a and 4a do not completely extend to 
the corresponding ends of the respective resonators 3 and 4. The 
resonators 3 and 4 have the same height H 1 in the z-axis direction, and 
have the same thickness T 1 in the y-axis direction. Thus, the 
resonators 3 and 4 have the same resonance frequency when no 
acceleration is being applied thereto. Since the height H 1 of the 
resonators 3 and 4 is smaller than a height H 2 of the base plate 5 in 
the z-axis direction, the stress generated in the resonators 3 and 4 
due to acceleration applied to the resonators 3 and 4 is greater than 
in a case where = H 2 - In the first preferred embodiment , H 1 is 
preferably set at about 1 /5 or less of H 2 . 

As shown in Fig. 5, the resonators 3 and 4 are preferably formed 
by cutting a single master piezoelectric substrate M into segments, 
and pairing adjacent cut segments so as to form pairs of resonators. 
This reduces the difference in the resonance characteristics including 
the temperature characteristics between the resonators of each pair. 
Accordingly, the difference in the output signal between the two 
resonators, which may be caused by a change in temperature, is reduced 
so as to achieve an acceleration sensor having less output fluctuation. 

The upper and lower main surfaces of the resonator 3 are provided 
with spacers 31 and 32 preferably having substantially the same 
thickness T 1 as the resonator 3. The spacers 31 and 32 are fixed 
adjacent to two respective opposite ends of the resonator 3 with 
respect to the longitudinal direction of the resonator 3. Similarly, 
the upper and lower main, surfaces of the resonator 4 are provided with 



spacers 41 and 42 having the same thickness T 1 as the resonator 4. The 
spacers 41 and 42 are fixed adjacent to two respective opposite ends 
of the resonator 4 with respect to the longitudinal direction of the 
resonator 4 . An area where the electrodes 3a and 3b are opposed to 
each other and an area where the electrodes 4a and 4b are opposed to 
each other define vibrating sections. In detail, each vibrating 
section is disposed where the pairs of spacers 31 and 32 or the pairs 
of spacers 41 and 42 are not disposed. In the first preferred 
embodiment, the spacers 32 and 42 disposed adjacent to free ends of 
the respective resonators 3 and 4 have a greater length than the 
spacers 31 and 41 disposed adjacent to base ends of the respective 
resonators 3 and 4. For this reason, the vibrating sections of the 
resonators 3 and 4 are disposed close to the base end, i.e. a fixed 
end, of the acceleration-sensor element 2A. Because a stress 
generated in response to acceleration is greater towards the base end 
of a cantilever structure, providing the vibrating sections close to 
the base ends of the resonators 3 and 4 allows the resonators to 
receive a greater stress, thus improving the sensitivity of the sensor. 
The height of the combination of the resonator 3 and the spacers 31 or 
32 and the height of the combination of the resonator 4 and the 
spacers 41 or 42 are preferably substantially equal to the height H 2 of 
the base plate 5. 

Alternatively, the spacers 31, 32, 41, and 42 may be omitted such 
that the resonators 3 and 4 are directly attached to the two 
respective opposite sides of the base plate 5. 

The resonators 3 and 4 are respectively attached to positions on 
the two opposite sides of the base plate 5 where the resonators 3 and 
4 are opposed to each other, and particularly, are most preferably 
attached to the central portions of the base plate 5 with respect to 
the height direction of the base plate 5. This is due to the fact 
that even if the acceleration-sensor element were to bend in response 
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to an external force from a direction other than the direction in 
which the acceleration is applied (off-axis bending) , the difference 
in detection with respect to the off-axis bending can be compensated 
for by receiving signals from the two resonators 3 and 4 in a 
differential manner. The detection difference between the two 
resonators 3 and 4 opposed to each other is reduced due to the fact 
that, even in the case of off-axis bending, the same amount of stress 
acts upon the two resonators. In particular, attaching the two 
resonators 3 and 4 to the central positions of the base plate 5 with 
respect to the height direction of the base plate 5 further reduces 
the detection difference. Specifically, this is due to the fact that 
even when stress is generated in the resonators 3 and 4 due to off- 
axis bending, since each of the resonators 3 and 4 bends about a 
central bending plane with respect to the height direction, the stress 
is counterbalanced within the resonator 3 or 4 . 

One side surface of the combination of the resonator 3 and the 
spacers 31 with respect to the y-axis direction is provided with a 
connection electrode 33 connected with the electrode 3a of the 
resonator 3 and extending continuously across the side surface in the 
height direction (z-axis direction) . Similarly, the other side 
surface of the combination of the resonator 3 and the spacers 32 with 
respect to the y-axis direction is provided with a connection 
electrode 34 connected with the electrode 3b of the resonator 3 and 
extending continuously across the side surface in the height direction 
(z-axis direction) . On the other hand, one side surface of the 
combination of the resonator 4 and the spacers 41 with respect to the 
y-axis direction is provided with a connection electrode 43 connected 
with the electrode 4a of the resonator 4 and extending continuously 
across the side surface in the height direction (z-axis direction) . 
Similarly, the other side surface of the combination of the resonator 
4 and the spacers 42 with respect to the y-axis direction is provided 
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with a connection electrode 44 connected with the electrode 4b of the 
resonator 4 and extending continuously across the side surface in the 
height direction (z-axis direction). Specifically, the connection 
electrodes 33 and 43 disposed close to the base ends of the resonators 

3 and 4, respectively, are disposed on the outer side surface of the 
combination of the resonator 3 and the spacers 31 and the outer side 
surface of the combination of the resonator 4 and the spacers 41. 
Thus, the connection electrode 33 is surface-connected with the 
electrode 3a, and the connection electrode 34 is surface-connected 
with the electrode 3b. Similarly, the connection electrode 43 is 
surface-connected with the electrode 4a, and the connection electrode 
44 is surface-connected with the electrode 4b. Accordingly, this 
ensures the electrical connections among the components. 

The base plate 5 is an insulative plate having the same length as 
the resonators 3 and 4, and is bendable with respect to a central 
bending plane (indicated by a dashed line N1 in Fig. 4) in response to 
acceleration G applied to the acceleration-sensor element 2A. The 
central bending plane is positioned at the central part port ion of the 
base plate 5 with respect to the thickness direction (y-axis 
direction) of the base plate 5. The base plate 5 and each of the 
resonators 3 and 4 have a gap 5a therebetween (see Fig. 4) which is 
givcn has a wider dimension than the range in which the resonator 3 or 

4 vibrates in an enclosed manner. In the first preferred embodiment, 
although the spacers 51 to 54 are attached to the corresponding sides 
of the base plate 5 and are separated by a predetermined distance in 
the longitudinal direction of the base plate 5 in order to form the 
gaps 5a, the opposite sides of the base plate 5 may alternatively be 
provided with depressions in place of the spacers. As a further 
alternative, the base plate 5 and each of the resonators 3 and 4 may 
have an adhesive layer therebetween having enough thickness for 
forming gaps . 



The spacers 51 and 52 disposed adjacent to the base end preferably 
have the same length as the spacers 31 and 41 disposed adjacent to the 
base ends of the respective resonators 3 and 4. Moreover, the height 
of the spacers 51 and 52 (in the z-axis direction) is preferably 
substantially the same as the height H 2 of the base plate 5. Similarly, 
the spacers 53 and 54 disposed adjacent to the free end preferably 
have substantially the same length as the spacers 32 and 42 disposed 
adjacent to the free ends of the respective resonators 3 and 4. 
Moreover, the height of the spacers 53 and 54 (in the z-axis 
direction) is preferably substantially the same as the height H 2 of the 
base plate 5. 

The resonators 3 and 4, the spacers 31, 32, 41, and 42, the base 
plate 5, the spacers 51 to 54 define the acceleration-sensor element 
2A and are preferably composed of materials having the same 
coefficient of thermal expansion as that of the resonators 3 and 4 
(for example, a ceramic material such as PZT) . This prevents stress 
from being generated in the resonators 3 and 4 due to differences in 
thermal expansion caused by a change in temperature. 

One side surface of the base plate 5 having the spacers 51 and 53 
attached thereon is provided with an extraction electrode 5b extending 
over the entire length of the side surface. The extraction electrode 
5b is connected with an internal electrode 61 extending continuously 
across the top surface of the base-end portion of the acceleration- 
sensor element 2A when the resonators 3 and 4 are in a combined state. 
On the other hand, an internal electrode 64 extends continuously 
across a free-end portion of the top surface of the combination of the 
base plate 5 and the spacers 53, 54, 32, and 42. The internal 
electrode 64 functions as a connector for interconnecting the 
extraction electrode 5b disposed on one side surface of the base plate 
5 with the connection electrodes 34 and 44 disposed on the side 
surfaces of the respective resonators 3 and 4. 
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The two opposite sides of the acceleration-sensor element 2A with 
respect to the application direction of acceleration G are 
respectively covered with the pair of left and right casing components 
6. Each casing component 6 is substantially U-shaped in cross section, 
and a projection 6a disposed adjacent to a first end of the casing 
component 6 is attached to the base-end portion of one of the opposite 
side surfaces of the acceleration-sensor element 2A. On the other 
hand, a projection 6b disposed adjacent to a second end of one casing 
component 6 is attached to a projection 6b of the other casing 
component 6 via a spacer 2a disposed therebetween. The spacer 2a 
according to the first preferred embodiment is preferably formed by 
cutting a longitudinal end-segment of the acceleration-sensor element 
2A, and includes portions of the base plate 5, the resonators 3 and 4, 
and the spacers 53, 54, 32, and 42. The projections 6a and 6b of each 
casing component 6 have a depression 6c disposed therebetween, which 
is a space where the acceleration-sensor element 2A is allowed to bend 
into. Moreover, each casing component 6 is preferably provided with a 
stopper 6d disposed near an inner side of the second-end projection 6b. 
The stopper 6d restricts an over-displacement of the acceleration- 
sensor element 2A when a large amount of acceleration G is applied so 
as to prevent the acceleration-sensor element 2A from being deformed 
or damaging. If the degree of bending of the acceleration-sensor 
element 2A is extremely small and the bending spaces can thus be 
formed based on the thickness of adhesive layers between the casing 
components 6 and the acceleration-sensor element 2A, the depressions 
6c and the stoppers 6d may be omitted. 

The inner side surface and the top surface of one casing component 
6 are respectively provided with extraction electrodes 62a and 62b 
which are connected with each other, and the inner side surface and 
the top surface of the other casing component 6 are respectively 
provided with extraction electrodes 63a and 63b which are connected 



with each other. The casing components 6 are joined with the 
acceleration-sensor element 2A via an electrically conductive adhesive 
for allowing the electrodes 33 and 62a to be electrically connected 
with each other, and the electrodes 43 and 63a to be electrically 
connected with each other. In this case, an anisotropic electrically- 
conductive adhesive is preferably used in order to prevent a short 
circuit between the internal electrode 61 , extending continuously 
across the base-end portion of the top surface of the combination of 
the casing components 6 and the acceleration-sensor element 2A, and an 
external electrode 71 , and between the electrode 33 and the electrode 
43. 

The extraction electrodes 62b and 63b disposed on the top surfaces 
of the corresponding casing components 6 are aligned with the internal 
electrode 64 disposed on the free-end portion of the top surface of 
the acceleration-sensor element 2A. The electrodes 62b, 63b, and 64 
are formed after the casing components 6 are attached to the 
acceleration-sensor element 2A, and can be fabricated simultaneously 
by performing, for example, a sputtering process or a deposition 
process on the top surface of the combination of the casing components 
6 and the acceleration-sensor element 2A. In this case, the internal 
electrode 61 can also be formed at the same time. 

The upper and lower open planes of the combination of the 
acceleration-sensor element 2A and the casing components 6 are 
respectively covered with the pair of upper and lower cover components 
7_ — j. m rp^g j_ nner surface of each cover component 7 is provided with a 
cavity- forming recess 7a for preventing the acceleration-sensor 
element 2A from coming into contact with the cover component 7. A 
peripheral region surrounding the recess 7a is attached to one of the 
open planes. For this reason, a portion of the acceleration-sensor 
element 2A to be displaced in response to acceleration G is completely 
enclosed by the casing components 6 and the cover components 7. 



- 20 - 

Similar to the casing components 6, the cavity-forming recess 7a in 
the inner surface of each cover component 7 may be omitted if the 
cavity can be formed based on the thickness of an adhesive layer 
provided along the frame region on the inner surface of the cover 
component 7 . 

The outer surface of each cover component 7 is provided with a 
portion of an external electrode 71 positioned adjacent to the base 
end of the acceleration-sensor element 2A, and portions of two 
external electrodes 72 and 73 positioned close to the free end of the 
acceleration-sensor element 2A. Referring to Fig. 1 , the two external 
electrodes 72 and 73 are positioned distant from the external 
electrode 71 in the longitudinal direction (x-axis direction) , and 
moreover, are disposed on two opposite sides from each other in the 
application direction of acceleration (y-axis direction) . The 
positioning of the two external electrodes 72 and 73 is not limited to 
that shown in Fig. 1 . Alternatively, the external electrodes 72 and 

73 may be disposed at an end opposite to the end at which the external 

i 

electrode 71 is disposed, such that the two electrodes 72 and 73 are 
disposed on opposite sides in the y-axis direction at that end. 

The acceleration sensor 1A having the structure described above 
has the following conductive path. 

Specifically, the electrode 3a of the resonator 3 is connected 
with the external electrode 72 via the connection electrode 33 and the 
extraction electrodes 62a and 62b. On the other hand, the electrode 
4a of the resonator 4 is connected with the external electrode 73 via 
the connection electrode 43 and the extraction electrodes 63a and 63b. 
The electrodes 3b and 4b of the respective resonators 3 and 4 are 
interconnected with each other via the connection electrodes 34 and 44 
and the internal electrode 64, and are connected with the external 
electrode 71 via the extraction electrode 5b disposed on one side 
surface of the base plate 5, and the internal electrode 61 . 
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Although only one extraction electrode 5b is provided on one side 
surface of the base plate 5, two extraction electrodes 5b may 
alternatively be provided on the two opposite side surfaces of the 
base plate 5. This may contribute to a further prevention of 
disconnection of the conductive path. 

Accordingly, a surface-mounted-chip acceleration sensor 1A is 
obtained. 

Fig. 6 is a circuit diagram of an example of an acceleration 
sensor device provided with the acceleration sensor 1A. 

Such a sensor device utilizes separate oscillation effects of the 
acceleration-sensor element 2A. Specifically, the external electrodes 
72 and 71 of the acceleration sensor 1A are connected with an 
oscillation circuit 9a, and the external electrodes 73 and 71 are 
connected with an oscillation circuit 9b. Each of the oscillation 
circuits 9a and 9b may be, for example, the commonly known Colpitts 
oscillation circuit. The resonators 3 and 4 are separately oscillated 
by the respective oscillation circuits 9a and 9b. The oscillating 
frequencies f 1 and f 2 are then input to a frequency-difference counter 
9c. Subsequently, the frequency-difference counter 9c outputs a 
signal V 0 , which is proportional to the difference in the frequencies. 

When acceleration G is applied to the acceleration sensor 1A, an 
inertia force acts upon the acceleration-sensor element 2A in a 
direction opposite to the direction in which the acceleration is 
applied. This bends the acceleration-sensor element 2A in the 
opposite direction to the application direction of acceleration G. 
The bending of the acceleration-sensor element 2A generates stress, 
thus producing tensile stress in one of the resonators and compressive 
stress in the other resonator. In the case where resonators of a 
thickness-shear vibration type are used, the oscillating frequency of 
the resonator with tensile stress decreases, whereas the oscillating 
frequency of the resonator with compressive stress increases. 



Accordingly, the difference in the frequencies is obtained via the 
external electrodes 71, 72, and 73 so that the signal V 0 proportional 
to the acceleration G can be obtained. 

Using the acceleration sensor 1 A in an environment where there is 
a change in temperature may lead to thermal expansion of the 
resonators 3 and 4, the base plate 5, the casing components 6, and the 
cover components 7. If the coefficient of thermal expansion is 
different among the resonators 3 and 4 and the base plate 5, the 
acceleration-sensor element 2A may bend when the temperature changes, 
thus generating stress in the resonators 3 and 4. This means that the 
difference in the frequencies may change due to factors other than 
acceleration. On the other hand, if the resonators 3 and 4 and the 
base plate 5 are composed of materials having substantially the same 
coefficient of thermal expansion, the same amount of stress will be 
generated in response to a change in temperature. Consequently, the 
outputs from the two resonators 3 and 4 are received by the frequency- 
difference counter 9c in a differential manner, such that the changes 
in the output signals caused by, for example, a change in temperature 
affecting both resonators 3 and 4 can be counterbalanced. Accordingly, 
an acceleration sensor device having sensitivity that is solely 
against reactive to acceleration G can be obtained. 

On other hand, even if the coefficient of thermal expansion among 
the acceleration-sensor element 2A, the casing components 6, and the 
cover components 7 is different, a temperature change simply does not 
lead to a generation of stress in the acceleration-sensor element 2A 
since the acceleration-sensor element 2A is supported by these 
components only in a cantilever manner. 

Fig. 7 illustrates another example of an acceleration sensor 
device provided with the acceleration sensor 1A. 

This acceleration sensor device utilizes a single oscillation 
effect of the acceleration-sensor element 2A. Specifically, the 
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external electrodes 72 and 73 of the acceleration sensor 1A are 
connected with a differential impedance sensor circuit 9d, and the 
external electrode 71, which is a common electrode, is connected with 
an oscillation circuit 9e. Moreover, reference numerals 9f and 9g 
indicate matching resistors. In this case, both resonators 3 and 4 
are oscillated with the same frequency by the oscillation circuit 9e, 
so that the phase difference or the oscillation difference can be 
detected based on the difference in electrical impedance between the 
resonators 3 and 4. Thus, the output V 0 proportional to acceleration G 
is obtained via the differential impedance sensor circuit 9d. In 
order to achieve oscillation with the same frequency, the oscillator 
circuit 9e may be formed in view of feedback on an output from one of 
the resonators or a combination of outputs from both resonators. 

In this case, like the example shown in Fig. 6, a signal 
proportional to acceleration G can be obtained while also 
counterbalancing the changes in the outputs caused by, for example, a 
change in temperature. Accordingly, an acceleration sensor device 
having sensitivity solel y against that is only reactive to 
acceleration G can be obtained. 

Second Preferred Embodiment 

Figs. 8 and 9 illustrate an acceleration sensor according to a 
second preferred embodiment . 

An acceleration sensor 1B includes a bimorph acceleration-sensor 
element 2B held and enclosed by the casing components 6 and the cover 
components 7, which are formed of, for example, insulative ceramics, 
in a double-supported fashion. Components equivalent to those in the 
first preferred embodiment shown in Figs. 1 to 4 are indicated by the 
same reference numerals, and descriptions of those components will 
thus be omitted. 

The two longitudinal ends of the acceleration-sensor element 2B 
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are fixedly supported by the pair of casing components 6 such that the 
acceleration-sensor element 2B horizontally intervenes the casing 
components 6. The casing components 6 are preferably substantially U- 
shaped in cross section. Furthermore, the cover components 7 are 
respectively attached to the upper and lower open planes. 

The electrodes 3a and 4a of the resonators 3 and 4 are 
respectively connected with internal electrodes 61a and 61b, which are 
disposed on first end-portions of the top surfaces of the casing 
components 6, via the connection electrodes 33 and 43. On the other 
hand, the electrodes 3b and 4b of the resonators 3 and 4 are connected 
with an internal electrode 65, extending continuously across the top 
surface of the combination of the acceleration-sensor element 2B and 
the casing components 6, via the respective connection electrodes 34 
and 44. The internal electrodes 61a and 61b are respectively 
connected with the external electrodes 72 and 73 disposed on the outer 
surface of the cover components 7, whereas the internal electrode 65 
is connected with the external electrode 71 . 

When using the acceleration- sensor element 2B of a double- 
supported structure as in the second preferred embodiment, signals 
can be detected from both longitudinal ends of the acceleration-sensor 
element 2B. Such a structure allows easier extraction of electrodes 
in comparison with the acceleration-sensor element 2A of a cantilever 
structure. For example, the extraction electrode 5b disposed on a 
side surface of the base plate 5 and the extraction electrodes 62a and 
63a disposed on inner side surfaces of the casing components 6 can be 
omitted. Furthermore, the anisotropic electrically-conductive 
adhesive provided for connecting the connection electrodes 33 and 43 
with the respective extraction electrodes 62a and 63a can also be 
omitted. 

The acceleration sensor according to the present invention is not 
limited to the above -described preferred embodiments. 
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For example, although the resonators 3 and 4 used in the first and 
second preferred embodiments are preferably of a thickness-shear 
vibration type, resonators of other alternative vibration types (such 
as a thickness-extensional vibration type or a longitudinal vibration 
type) may be used. 

Furthermore, although the base plate and each of the first and 
second resonators in the above -described preferred embodiments have a 
gap therebetween given a wider dimension than the range in which the 
resonator vibrates in an enclosed manner, the base plate and each 
resonator may alternatively be joined with each other in an opposing 
manner such that the surfaces of the base plate and the resonator are 
entirely attached to each other. Such an entirely-attached state may 
cause deterioration of the performance (Q and K) of the resonators 
since the base plate limits the vibration of the resonators, but is 
effective in view of the efficiency for generating stress in response 
to the acceleration. 
Brief Description of t h e D rawings 

Fig. — ^ Although the present invention has been described and 

illustrated in detail with reference to certain preferred embodiments 
thereof, it is a schematic perspective vicw clearly understood that the 
same is by way of illustration and example only and is not to be taken 
by way of an acceleration sensor according to a first 

embod-irme-n-t- 1 imitation, the spirit and scope of the present invention- 

Fig. — 2 is an explode d pers p ectiv e vi e w of the acc e leration sensor 

shown in Fig. — 3-r 

Fig . — 3 — is an exploded perspective view of an acceleration sensor 

el ement provided in t h e acceleration sensor shown in Fig. — W 
Fig . — 4 is a plan view of being limited only by the 

component s terms of the acceleration sensor ar c removed -appe n ded claims . 
Fig . — 5 includes per spect ive views illustrating a method for 
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cutting q m a st e r su b strat e into segments in order t-e form rcGonators. 
Fig. 6 

What is q circuit diagram of an example of an acceleration sensor 
device provided with the acceleration sensor according to the present 
invention. 

Fig ♦ — 7- claimed is circuit di a gram of another example of an 

eeee- 1 eration se n eor^dev-i-ee— p-r o v i-ded— w i t h t he— aeeel-ere^-o~R— s-en-so-r 
according to the present inven t ion. j _ 

Fig. — 8 is an exploded persp ecti ve view of an accelerat io n sensor 

according to a second embodiment of the present invention. 

Fi g . — 9 — i s -a n exp l o ded per s p ectiv e view — of th e — a ccele ration sensor 

sho wn in Fig. — 8 in a state where cover c o mponents of the acc eleratio n 
sensor arc removed. 
Reference Numerals 

l-A-7 — 3-B — acceleration s e ns o r 

2-A-t — 2B acceleration sensor clement 

3_ — 4 resonator 

3_o_ — 3^- — 4^- — 4-fe electro de 

5 — base plate 

6 casing componen t 

7 cover component 

&b extraction electrode 

6 2a, — 6-3-a — extract i on— electr o de 

64-7 — 62b, — 63b , — 64 i nt er nal electrode 

7-1 — to 73 external electrode 



